Article abstract-Multifocal inflammatory leukoencephalopathy (MIL) is a cerebral demyelinating syndrome that develops after chemotherapy with 5-fluorouracil (5-FU) and levamisole. The authors report a patient who developed MIL after 5-FU administration not in association with levamisole. She was subsequently diagnosed with partial deficiency of dihydropyrimidine dehydrogenase, an enzyme necessary for 5-FU catabolism. The authors suggest that MIL is a direct result of 5-FU chemotherapy and that patients with dihydropyrimidine dehydrogenase deficiency are at increased risk for this and other toxic effects of 5-FU.
Multifocal inflammatory leukoencephalopathy (MIL) is a rare syndrome associated with 5-fluorouracil (5-FU) and levamisole chemotherapy. The pathogenesis of MIL and the degree to which it may be attributed to 5-FU or levamisole remain unclear. MIL is reported in patients receiving 5-FU and levamisole in combination or levamisole alone, but not 5-FU alone. We present a patient who developed MIL and, subsequently, a partial dihydropyrimidine dehydrogenase (DPD) deficiency after administration of 5-FU and carboplatin.
Case report. A 65-year-old woman presented in December 1997 with sore throat and dysphagia. A neck CT showed an abnormal soft tissue density in the region of the epiglottis. Subsequent biopsy revealed squamous cell carcinoma of the epiglottis (T3, N1, M0). Chemotherapy was instituted August 6, 1998 , with 700 mg/m 2 of 5-FU IV daily for 5 days and a single bolus of 450 mg carboplatin IV. The patient received three cycles, with treatment ending September 21, 1998.
During the first week of September 1998, the patient and her family noted gait and balance difficulties associated with frequent falls. During the third cycle of chemotherapy, her family noted progressive confusion, behavioral change, memory loss, and episodes of intermittent upper extremity paresthesias. Laboratory evaluation showed electrolytes and liver function to be within normal limits. The patient's symptoms improved gradually, returning to normal by mid October 1998. Neurologic examination on October 22, 1998, was normal except for mild gait ataxia, with the patient completing three of five serial seven calculations and recalling two of three objects at 5 minutes.
Brain MRI (figure 1) 3 weeks after chemotherapy discontinuation on October 10, 1998, revealed multiple highsignal lesions on fluid attenuated inversion recovery (FLAIR) and T2-weighted images. On T1-weighted images with gadolinium, there was contrast enhancement in several areas corresponding to T2-weighted abnormalities. A follow-up MRI (figure 2) on December 16, 1998, showed a mild decrease in the number of enhancing white matter lesions on T1-weighted postcontrast images and a stable appearance of the lesions on T2 and FLAIR images. The patient was clinically unchanged in January 1999.
Testing for DPD deficiency was performed with urine and plasma uracil levels and direct serum enzymatic assay for dihydropyrimidine dehydrogenase. Plasma uracil measured 42.00 ng/mL, and urine uracil measured 44.478 ng/ mL. Both values were within the normal range. DPD assay was performed using previously described methods, with peripheral blood mononuclear cells isolated from a 60 mL whole-blood sample.
1 Analysis of the frozen (Ϫ70°C) sample revealed DPD activity to be 0.04500 nmol/min/mg protein, indicating a partial enzyme deficiency (table).
Discussion. There have been several case reports of MIL since it was first clearly described in 1992. 2 This uncommon but increasingly clinically important syndrome is characterized by the gradual onset of multiple neurologic deficits, which can include confusion, ataxia, parasthesias, focal weakness, coma, and death. Symptoms generally develop 6 weeks to 5 months after initiation of combination chemotherapy with levamisole and 5-FU. Brain MRI shows multiple white matter lesions without mass effect. Lesions are hyperintense on T2-weighted imaging and may enhance on T1-weighted imaging after gadolinium administration. 3 Pathologic tissue examination reveals demyelination with relative axon sparing. 2, 4 Symptoms resolve both with and without therapy, with therapy typically consisting of a short course of corticosteroids. 2, 5 The vast majority of case reports describing MIL are associated with 5-FU and levamisole in combination. 3 However, a single case occurred after administration of levamisole alone, 5 and another patient improved after discontinuation of levamisole despite continuation of 5-FU. 4 One other report describes multifocal leukoencephalopathy resulting from paclitaxel in two patients who had received 5-FU without levamisole 4 and 11 weeks previously. Paclitaxel frequently produces peripheral and autonomic neuropathies but rarely produces transient encephalopathy and seizures. 6 Although no direct relationship has been demonstrated, discussion has focused on levamisole as the most likely causative agent. Our patient developed MIL resulting from 5-FU administration not in conjunction with levamisole. She received 5-FU in combination with carboplatin, which has not been reported to cause CNS toxicity. Symptoms in our patient developed 4 to 5 weeks after initiation of chemotherapy and were similar, although less severe, than most prior reports of MIL. Our patient experienced more common side effects from 5-FU including mucositis and myelosuppression, which may also be secondary to systemic 5-FU toxicity, although myelosuppression may also be seen with carboplatin. She did not receive further 5-FU, and her symptoms resolved spontaneously without treatment.
5-FU's role as a causal factor is supported by the presence of partial DPD deficiency, which has not been evaluated in patients with MIL. DPD deficiency is known to place patients at increased risk for severe adverse reactions from 5-FU therapy. 7 DPD is responsible for more than 85% of pyrimidine catabolism, and patients with DPD deficiency may demonstrate increased uracil and thymidine levels in serum and urine. 8 DPD deficiency is now estimated to occur in 3% of the adult cancer population and consists of both complete and partial deficiency. Although inheritance is complex, results of familial studies demonstrate an autosomal recessive pattern. Even in complete deficiency states, affected individuals may be asymptomatic prior to pyrimidine administration. 9 Patients have a partial deficiency if the level of DPD activity falls below the 95th percentile and a complete deficiency if the level is below the 99th percentile or is undetectable. Deficiency can also be measured indirectly by measuring serum and urinary levels of uracil. Results of previous studies have shown that elevated uracil levels may be seen in complete deficiency but may be normal in partial deficiency states. 8 Neurologic toxicity is a well known, although uncommon, complication of 5-FU and includes pancerebellar dysfunction, peripheral neuropathy, and encephalopathy. Encephalopathy after 5-FU occurs less frequently and is less clearly defined, with clinical features more typical of a diffuse metabolic encephalopathy. It often occurs in the setting of concomitant metabolic abnormalities, and cranial imaging may be normal. 9 MIL appears to represent a distinct clinical and radiographic syndrome resulting from 5-FU administration, and it may be that patients with DPD deficiency are at increased risk for this life-threatening complication. The toxic effects are likely caused by 5-FU itself rather than one of its derivatives because DPD deficiency results in a failure of 5-FU catabolism. 10 Drug interactions with levamisole and possibly other chemotherapeutic 
Clinical and spectroscopic improvement in HIVassociated cognitive impairment
Article abstract-To assess the impact of highly active antiretroviral therapy (HAART) on AIDS-associated cognitive impairment, 22 patients with AIDS with (n ϭ 11) and without (n ϭ 11) cognitive deficit were evaluated clinically and by MRS every 3 months for 9 months. Nineteen patients were on HAART at study entry, 21 after 2 months. Cognitively impaired patients presented with a subcorticofrontal deficit and decreased N-acetyl-aspartate in frontal white matter. These clinical and metabolic abnormalities reversed partially on HAART, whereas they remained within normal limits in cognitively unimpaired patients. Whether highly active antiretroviral therapy (HAART) treats or prevents AIDS-associated cognitive impairment is a critically important issue in neuro-AIDS. Since HAART was first widely used, a major decline in the incidence of this complication has been reported. 1 Few studies, however, have analyzed the impact of HAART on cerebral dysfunction. [2] [3] [4] Methods. We prospectively studied 22 AIDS patients (20 men and two women) without previous or ongoing neurologic disease, major psychiatric disorder, or current alcohol or drug addiction. All had a CD4 cell count below 200/mm 3 at study entry or at anytime during the preceding year. The study was approved by the ethical committee of our institution and all patients provided informed consent prior to enrollment.
Using Diagnostic and Statistical Manual of Mental Disorders, 4th ed. (DSM-IV) criteria for AIDS dementia, 11 patients were classified as cognitively unimpaired (CU), and 11 as cognitively impaired (CI). Of the latter, nine had a mild cognitive impairment and two were demented.
Neuropsychological and MRS evaluations were performed at study entry (M0), then every 3 months (M3, M6, and M9) for 9 months. CD4 cell count and plasma HIV-1 RNA level were obtained at M0, then when requested by the treating physician.
The neuropsychological battery, already described, 5, 6 comprised the Mini-Mental State Examination (MMSE), Mattis Dementia Rating Scale, Trail Making A and B, Purdue Pegboard, and Grober and Buschke tests. Depression was evaluated with Montgomery and Asberg Depression Rating Scale (MADRS).
